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The primary goal of the Biotechnology and Planetary Protection Group (BPPG) at the Jet Propulsion Laboratory
(JPL) is to prevent microbial contamination between Earth and other planetary bodies. This helps preserve the
ability to study other worlds as they exist in their natural states and protects our biosphere from extraterrestrial life.
Despite efforts to clean spacecraft hardware during assembly, a fraction of spore-forming extremophile bacteria can
survive pre-launch protocols. A collection of spacecraft isolates was created from various Mars-bound hardware
over the last 40 years to help decipher between Earth life and extraterrestrial life, if found.
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The process for identifying microbes located on space-bound hardware in JPL can be more efficient and precise by
using the technique called matrix-assisted laser desorption and ionization time of flight (MALDI-TOF). Once this
identification technique is fully implemented, the process time will be reduced from two weeks to one hour, and the
cost will be reduced by a factor of five. The MALDI-TOF database contains 5,989 microorganism profiles, but
because it was created with microbes found in a clinical setting, it was only comprehensive enough to identify 7% of
JPL isolates. This called for the need of our own unique in-house MALDI database composed of the complete array
of our microbial diversity. This database was created using bacterial isolates with known 16S rRNA sequences
collected from various Mars mission hardware from the last 40 years. A mass spectral profile (MSP) was created
and archived for each isolate, so in the future, unknown isolates can be identified by running them against the
database using real time classification (RTC). After identifying 288 new operational taxonomic units (OTUs), a
rarefaction curve was created which estimated that after studying 500 additional isolates our database will be
comprehensive. During the summer of 2016, all stages of the MSP creation process were continued to finish
constructing the JPL microbial database.
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Above is the launch of the Mars
Science Laboratory (MSL), also
known as the Curiosity Rover,
November 26th, 2011.

The exploration of space must be conducted in a manner that
preserves the pristine conditions of celestial bodies,
mandated by article IX of the 1967 Outer Space Treaty. MSL
contains some sensitive electronic parts that could not be
heat treated requiring other techniques to be used to ensure
hardware cleanliness.

MSL could only land where there
was no evidence of ice/water to
ensure conditions favorable for life
would not be created.
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This work was carried out by the Jet Propulsion Laboratory, California Institute of Technology.
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The entire MSL flight system could only launch with no more
than 500,000 spores- 1/10 as many found in a teaspoon of
sea water.
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Once this identification technique is fully implemented, the process time will be reduced from two weeks to one
hour, and the cost will be reduced by a factor of five.
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This rarefaction curve is an estimate of the collection diversity. Since the line
has not reached a plateau, more gene sequences will be needed. If the
curve continues to follow the fitted line, perhaps only another five hundred
sequences will be required to capture full diversity.

16S rRNA gene identifications indicates that
73% of the isolates are spore-forming, which
could survive for many years in harsh
conditions.

The flowcharts above outline the two major processes that combine to create a mass spectral
profile (MSP), which can be thought of as a unique “rainbow fingerprint” for each isolate. The
upper left sequence tracks an isolate from cleanroom sampling to its 16S rRNA identification.
After an isolate has been identified by 16S, it is added to the MALDI database via the upper right
sequence. This process involves passing many high stringency tests to ensure a quality MSP is
created that will be able to identify isolates in the future.

Bacillus pumilis SAFR-032 is a microbe commonly isolated
in JPL cleanrooms that is resistant to UV and peroxide
exposure, techniques used to clean spacecraft. This shows
the microbes after 1.5 years of exposure to space conditions.

The Planetary Protection team found the MSL flight hardware to be
extremely clean with a total of 278,000 spores, just over half of the allowed
quantity.

Conclusions
A comprehensive MALDI MSP database will continue to be created. When it encompasses the array of microbial
diversity found in JPL cleanrooms, the identification of microbes will be cheaper, more time efficient, and precise. This
research has never been conducted before, so the team is always changing protocol based on discoveries of more
effective identification methods. The Planetary Protection team holds the identification methods to high standards to
ensure that isolates will be able to be correctly identified.

Acknowledgements
This project has been made possible with support from Chevron (www.chevron.com) and the California State University STEM Teacher Researcher
The research described here was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with the National
Aeronautics and Space Administration.
IMAGE Credit : Background Photo & inset photos: NASA/JPL-Caltech
2016 California Institute of Technology. Government sponsorship acknowledged.

Go Bulls!

